Introduction {#s0001}
============

Although recent advances in chemotherapies and/or targeted therapies have helped to improve clinical outcomes in patients with various types of advanced cancers, the prognosis of cancer patients at a refractory stage still remains very poor.[@cit0001] Therefore, the development of new therapeutic approaches, including cancer vaccines, would be highly desirable.[@cit0004] Although many clinical trials of cancer vaccines were conducted for advanced cancer patients, most of them have failed to demonstrate any meaningful therapeutic benefit over existing treatments.[@cit0004] Since current cancer vaccines do not elicit beneficial effects in all of the treated patients, identification of biomarkers for predicting clinical outcomes would be highly desirable.[@cit0008]

We have developed a new approach of peptide-based vaccination, named "personalized peptide vaccination (PPV)," in which vaccine antigens are individually selected and administered based on pre-existing host immunity before vaccination.[@cit0010] We have shown promising results of PPV in various types of advanced cancers.[@cit0011] Recently, we have reported that abnormal granulocyte signature, which was assessed by DNA microarray analysis in peripheral blood mononuclear cells (PBMC), may contribute to decreased overall survival (OS) in advanced castration-resistant prostate cancer (CRPC) patients receiving PPV.[@cit0017] The patients with higher mRNA expression of granulocyte-related genes, such as matrix metalloproteinase 9 (MMP-9), myeloperoxidase (MPO), and arginase 1 (ARG1), showed poorer prognosis than those with lower mRNA expression.[@cit0017] In the current study, we further examined whether assessment of soluble factors derived from these granulocyte-related genes, MMP-9, MPO, and ARG1, and inhibitory cytokine TGFβ in pre-vaccination plasma were useful for predicting prognosis after PPV in patients with advanced cancers, including biliary tract cancer (BTC), non-small cell lung cancer (NSCLC), and pancreatic cancer (PC). Our results suggested that analysis of plasma MMP-9 would be informative for selecting cancer patients, who would likely benefit from PPV.

Results {#s0002}
=======

Prognostic significance of MMP-9, MPO, ARG1, and TGFβ in advanced BTC patients undergoing PPV {#s0002-0001}
---------------------------------------------------------------------------------------------

We previously analyzed pre-vaccination clinical findings or laboratory data, including complete blood counts, serum biochemistry tests, cytokines, and inflammation markers, to identify potential prognostic biomarkers in advanced BTC patients undergoing PPV (n = 25).[@cit0014] The multivariate Cox regression analysis demonstrated that lower IL-6 and higher albumin levels before vaccination and greater numbers of peptides selected for vaccination were significantly favorable factors for OS.[@cit0014] In the current study, we further assessed prognostic significance of other soluble factors, including MMP-9, MPO, ARG1, and TGFβ, in pre-vaccination blood samples from the same cohort of BTC patients (n = 25). The levels of MMP-9 were highly correlated with those of MPO (Spearman rank correlation coefficient, 0.6954; p = 0.0001), but no correlations were observed between other factors.

As shown in [**Table 1**](#t0001){ref-type="table"}, univariate Cox regression analysis showed that the levels of MMP-9 (*P* = 0.003) and MPO (*P* = 0.049), but not ARG1 (*P* = 0.641) or TGFβ (*P* = 0.239), in pre-vaccination blood samples were significantly associated with OS. After dividing the patients into 2 subgroups according to the median value of these factors, the survival curves were estimated by the Kaplan-Meier method with the log-rank test. The patients with higher MMP-9 (*P* = 0.021) or MPO (*P* = 0.018) levels in the pre-vaccination samples showed worse prognosis than those with lower levels ([**Fig. 1A, B**](#f0001){ref-type="fig"}). However, there were no statistical differences in OS between higher and lower subsets of plasma ARG1 (*P* = 0.898) or TGFβ (*P* = 0.489) levels ([**Fig. 1C, D**](#f0001){ref-type="fig"}). Figure 1.Prognostic significance of plasma MMP-9, MPO, ARG1, and TGFβ in advanced BTC patients treated with PPV. To examine the prognostic significance of MMP-9, MPO, ARG1, and TGFβ in pre-vaccination plasma from advanced BTC patients treated with PPV (n = 25), curves for OS were estimated by the Kaplan-Meier method, and differences between survival curves were statistically analyzed using the log-rank test. Censored patients are shown as vertical bars. Patients treated with PPV were divided into 2 subgroups according to the median values of plasma MMP-9 (**A**), MPO (**B**), ARG1 (**C**), and TGFβ (**D**). Table 1.Univariate and multivariate analyses with pre-vaccination clinical findings and laboratory data in BTC (n = 25) Univariate analysisMultivariate analysisFactorHazard ratio (95% CI)*P* valueHazard ratio (95% CI)*P* valueHemoglobin (g/dl)0.618 (0.392 -- 0.976)0.039  Albumin (g/dl)0.158 (0.041 -- 0.616)0.008  IL-6 (pg/ml)1.159 (1.055 -- 1.274)0.0021.186 (1.058 -- 1.327)0.003CRP (μg/ml)1.533 (1.143 -- 2.056)0.004  Number of selected peptides0.395 (0.163 -- 0.953)0.0390.326 (0.124 -- 0.856)0.023MMP-9 (mg/ml)4.252 (1.647 -- 10.975)0.0034.637 (1.670 -- 12.877)0.003MPO (mg/ml)2.080 (1.003 -- 4.315)0.049  ARG1 (μg/ml)1.002 (0.993 -- 1.011)0.641  TGFβ (ng/ml)0.741 (0.450 -- 1.220)0.239  [^2]

Furthermore, multivariate Cox regression analysis was performed to precisely define the clinical significance of MMP-9 and MPO by adjusting for possible confounding factors. In addition to MMP-9 and MPO, only the factors with prognostic association in the univariate analysis, including hemoglobin, albumin, IL-6, CRP, and the numbers of peptides selected for vaccination (*P* = 0.039, *P* = 0.008, *P* = 0.002, *P* = 0.004, and *P* = 0.039, respectively), were used for the multivariate analysis ([**Table 1**](#t0001){ref-type="table"}). Patients with higher MMP-9 and IL-6 levels in pre-vaccination plasma and those with smaller numbers of antigen peptides selected for vaccination showed a significantly worse OS \[hazard ratio (HR) = 4.637, 95% confidence interval (CI) = 1.670 -- 12.877, *P* = 0.003; HR = 1.186, 95% CI = 1.058 -- 1.327, *P* = 0.003; HR = 0.326, 95% CI = 0.124 -- 0.856, *P* = 0.023; respectively\] ([**Table 1**](#t0001){ref-type="table"}).

Prognostic significance of MMP-9, MPO, ARG1, and TGFβ in advanced NSCLC patients undergoing PPV {#s0002-0002}
-----------------------------------------------------------------------------------------------

We next assessed the prognostic significance of MPO, MMP-9, ARG1, and TGFβ in advanced NSCLC patients undergoing PPV (n = 32).[@cit0015] Patients were divided into 2 subgroups according to the median value of these factors. The survival curves were estimated by the Kaplan-Meier method, and differences in survival functions were compared using the log-rank test. The patients with higher MMP-9 levels in the pre-vaccination plasma showed worse prognosis than those with lower levels (*P* = 0.037) ([**Fig. 2A**](#f0002){ref-type="fig"}). However, there were no statistical differences in OS between higher and lower groups of MPO (*P* = 0.466), ARG1 (*P* = 0.565) or TGFβ (*P* = 0.592) levels ([**Fig. 2B, C, D**](#f0002){ref-type="fig"}) Figure 2.Prognostic significance of plasma MMP-9, MPO, ARG1, and TGFβ in advanced NSCLC patients treated with PPV. To examine the prognostic significance of MMP-9, MPO, ARG1, and TGFβ in pre-vaccination plasma from advanced NSCLC patients treated with PPV (n = 32), curves for OS were estimated by the Kaplan-Meier method, and differences between survival curves were statistically analyzed using the log-rank test. Censored patients are shown as vertical bars. Patients treated with PPV were divided into 2 subgroups according to the median values of plasma MMP-9 (**A**), MPO (**B**), ARG1 (**C**), and TGFβ (**D**).

Prognostic significance of MMP-9 and MPO in advanced PC patients undergoing PPV {#s0002-0003}
-------------------------------------------------------------------------------

We also assessed the prognostic significance of MPO and MMP-9 in advanced PC patients undergoing PPV (n = 41).[@cit0016] The patients with higher MMP-9 levels in the pre-vaccination plasma showed worse prognosis than those with lower levels (*P* = 0.042) ([**Fig. 3A**](#f0003){ref-type="fig"}). However, there was no statistical difference in OS between higher and lower groups of MPO (*P* = 0.538) ([**Fig. 3B**](#f0003){ref-type="fig"}) Figure 3.Prognostic significance of plasma MMP-9 and MPO in advanced PC patients treated with PPV. To examine the prognostic significance of MMP-9 and MPO in pre-vaccination plasma from advanced PC patients treated with PPV (n = 41), curves for OS were estimated by the Kaplan-Meier method, and differences between survival curves were statistically analyzed using the log-rank test. Censored patients are shown as vertical bars. Patients treated with PPV were divided into 2 subgroups according to the median values of plasma MMP-9 (**A**) and MPO (**B**).

Discussion {#s0003}
==========

Since not all patients show clinical benefits from cancer immunotherapies, it would be critical to identify prognostic or predictive biomarkers for patients receiving such therapies. In previous clinical trials, several post-vaccination biomarkers, including CTL responses, Th1 responses, delayed-type hypersensitivity (DTH), autoimmunity, and anti-peptide humoral responses, have been reported to be associated with clinical responses.[@cit0008] However, there are currently no validated pre-vaccination predictive biomarkers in widespread use. Previously, we analyzed gene expression profiles by DNA microarray in pre-vaccination PBMC from CRPC patients treated with PPV, and demonstrated that granulocyte-related gene signature in PBMC, which included MMP-9, MPO and ARG1, might be related to poorer prognosis in the vaccinated patients.[@cit0017] In the current study, we addressed the prognostic significance of granulocyte-related soluble factors, including MMP-9, MPO, and ARG1, in pre-vaccination plasma.

The current study demonstrated that higher MMP-9 levels in pre-vaccination plasma were significantly associated with unfavorable OS in all types of cancers tested, including BTC, NSCLC, and PC, suggesting that measurement of plasma MMP-9 levels might be potentially useful for selecting cancer patients, who would benefit from PPV. Nevertheless, since plasma MMP-9 has been reported to be increased in patients with various types of cancers,[@cit0021] it is possible that MMP-9 might has only prognostic, but not predictive, utility in cancer patients undergoing PPV. To more clearly assess the relationship between plasma MMP-9 levels and OS and to elucidate prognostic vs. predictive relevance of this biomarker, further studies should be conducted in future randomized, controlled clinical trials with or without PPV.

MMP-9 is one of the metalloproteinases, which play important roles in cancer progression.[@cit0024] MMP-9 degrades a variety of extracellular matrix proteins, such as type IV collagen and gelatin, and accelerates tumor invasion and metastasis. MMP-9 also activates chemokines and/or growth factors for assisting tumor growth.[@cit0024] In addition, MMP-9 is implicated in the release and mobilization of vascular endothelial growth factor (VEGF), which facilitates angiogenesis and potentiates neovascularization in tumor tissues.[@cit0024] Since VEGF has also been reported to contribute to various immunosuppressive mechanisms, such as induction of regulatory T cells and myeloid-derived suppressor cells (MDSC), blockade of dendritic cell (DC) maturation, Th2 polarization and production of immunosuppressive cytokines, and blockade of intratumor T-cell infiltration,[@cit0025] it is possible that VEGF induction mediated by MMP-9 might be related to impaired immune responses and poorer patient survival after PPV. Therefore, VEGF-targeted therapy, such as anti-VEGF antibody and tyrosine kinase inhibitors of VEGF receptor, might be beneficial for treating the cancer patients with higher MMP-9 expression, who might show increased VEGF level and activity.

In the current study, plasma MMP-9 levels were significantly associated with OS in all types of cancers tested. However, plasma MPO levels were significantly associated with OS only in BTC, but not in NSCLC or PC. In addition, plasma ARG1 showed no prognostic significance in cancers tested. Although all of these soluble factors are reported to be produced by neutrophils, including granulocytic MDSC,[@cit0017] the prognostic significance seems to be different among them. This discreapancy might be explained by the fact that the plasma concentrations of each factor might be substantially affected by other sources of production and secretion.[@cit0024]

The current study has several shortcomings and limitations. First, this is a small study with a limited number of patients, all of whom received PPV. Therefore, clinical value of MMP-9 measurement in pre-vaccination plasma remains to be confirmed in future larger-scale, prospective trials conducted in patients with or without receiving PPV. Second, the mechanism underlying the correlation between increase in MMP-9 and poorer prognosis after PPV remains to be clarified. We proposed a potential explanation associated with VEGF, but could not provide any evidence for supporting it. Although it would be quite interesting to measure the values of VEGF in blood from the vaccinated patients, we could not do in this study. Since VEGF has been reported to be especially unstable after cryopreservation,[@cit0029] it should be quantitated using fresh blood samples that have never been frozen. Nevertheless, fresh blood samples that have never been frozen and can be used for measurement of VEGF levels were unavailable from the vaccinated patients in this study. It would be quite important to clarify the association between MMP-9 and VEGF levels by using fresh blood samples from vaccinated patients in future studies.

In summary, the current study demonstrated that plasma MMP-9 levels may be a potentially prognostic factor for PPV. Further prospective clinical trials of PPV would be warranted to investigate whether evaluation of plasma MMP-9 levels before vaccination is useful for selecting patients who would benefit from PPV in cancer patients. In addition, it would also be interesting to examine any potential utility of MMP-9 as a prognostic marker in patients receiving other cancer vaccines. Since cancer vaccines generally take effect by the immune-related mechanisms similar to those of PPV, it might be possible that higher MMP-9 levels in pre-vaccination plasma might also be related to poorer prognosis even in patients with other cancer vaccines.

Patients and Methods {#s0004}
====================

Patients {#s0004-0001}
--------

This is a retrospective analysis with peripheral blood samples from the patients with BTC (n = 25), NSCLC (n = 32), and PC (n = 41), who were enrolled in phase II clinical trials for PPV.[@cit0014] These studies were approved by the Kurume University Ethical Committee, and were registered in the UMIN Clinical Trials Registry (UMIN000002907, UMIN000001839, and UMIN000001881). Patients were eligible for inclusion in the current study if they had a histological diagnosis of BTC, NSCLC, or PC, and showed positive humoral responses to at least 2 of the 31 different vaccine candidate peptides. Other inclusion criteria and exclusion criteria and study protocols were reported previously.[@cit0014] After a full explanation of the protocol, written informed consent was obtained from all patients before enrollment.

Clinical protocol {#s0004-0002}
-----------------

All patients with BTC, NSCLC, and PC were treated by the same clinical protocol, as follows. Thirty-one peptides were employed for vaccination \[12 peptides for HLA-A2, 16 peptides for HLA-A24, 9 peptides for HLA-A3 supertypes (-A3, -A11, -A31, and -A33), and 4 peptides for HLA-A26\].[@cit0014] Vaccine peptides adequate to individual patients were selected in consideration of the pre-existing host immunity before vaccination, as assessed by the results of HLA typing and the titers of IgG specific to each of the 31 different vaccine candidates. A maximum of 4 peptides (3 mg/each peptide), which were selected, were subcutaneously administrated with incomplete Freund\'s adjuvant (Montanide ISA51; Seppic, Paris, France) once a week for 6 consecutive weeks as the 1st cycle. After the 1st cycle of vaccinations, up to 4 antigen peptides that were re-selected according to the titers of peptide-specific IgG were administered biweekly for 6 times. After the 2nd cycle of vaccinations, up to 4 antigen peptides that were re-selected every 6 times of vaccinations were administered every 4 weeks.

Measurement of soluble factors in plasma {#s0004-0003}
----------------------------------------

Plasma samples were obtained from the enrolled patients before vaccination. To detect the levels of MMP-9, MPO, and TGFβ in plasma, a bead-based multiplex assay (Luminex® 200™ system; Luminex Corporation, Austin, TX) was used. The analyte kit used for the measurement was obtained from Millipore (Billerica, MA). The levels of ARG1, CRP, and IL-6 in plasma were examined by using an ELISA kit from BioVendor (Candler, MN), R&D systems (Minneapolis, MN), and eBioscience (San Diego, CA), respectively. Frozen plasma samples were thawed, diluted, and assayed in duplicate in accordance with the manufacturer\'s instructions. The mean of duplicate samples was used for statistical analysis. Complete blood counts and serum biochemistry tests were also performed before vaccinations.

Statistical Analysis {#s0005}
====================

OS time was calculated from the first day of peptide vaccination until the date of death or the last date when the patient was known to be alive. Association between pre-vaccination clinical findings or laboratory data and OS were evaluated by univariate and multivariate analyses with the Cox proportional hazards regression model in BTC patients undergoing PPV. Curves for OS were also estimated by the Kaplan-Meier method, and differences in survival functions were compared using the log-rank test in BTC, NSCLC, and PC patients undergoing PPV. The strength of relationship between soluble factors was evaluated by Spearman\'s rank correlation coefficient. All tests were 2-sided, and differences at *P* \< 0.05 were considered to be statistically significant. All of the statistical analyses were conducted using the JMP version 10 or SAS version 9.3 software package (SAS Institute Inc.., Cary, NC).
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